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SN 1994D in outskirts of galaxy NGC 4526

Credit: High-Z Supernova Search Team, HST, NASA



• Type Ia SNe Light Curves 

• SALT2  Light Curve Model Basics

• Union 2.1 Sample (SCP)  plots not in their paper or their web page 

• Cosmology Fit Results vs Priors   (and systematics)

• Calibration

• Type Ia brightness correlations with host galaxy properties

• Type Ia Progenitor Systems

• Dust/Color

• UV problem

• Evolution with redshift /Main Conclusions

• Dark Energy Survey  SNe Cosmology optimization

• Core Collapse SNe contamination of photometric samples

• Standardization details, Peculiars, Spectral Distance Indicators,                     
Type Ia explosion models, IR, Twins…  (not covered in this talk)



• Using Type Ia supernova only 

• Assumed coming from ~1 Msolar white dwarf in binary 

system with accretion from partner that pushes over 

Chandrasehkar limit of ~1.44 Msolar and causes 

supernova.

• Absolute brightness M correlated with length of light 

curve (stretch) and can be “standarized” to about 0.1 

magnitudes.

• Measure 3 things:  1) Observed brightness m,                    

2) Absolute brightness M,  and 3) redshift.                   

Distance modulus = m-M

• Distance modulus vs redshift (Hubble diagram) 

predicted by cosmology and can be compared to data. 

BASICS



http://www.youtube.com/watch?v=SZ8AuD1tM5g

Historical Review of Accelerated Expansion Discovery 



Redshift:   Assume Supernova redshift determined by full 

spectra of SN or its host galaxy and is known precisely.  



Example SDSS Type Ia light curves (data z=0.05)
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Example SDSS Type Ia light curves (data z=0.33)
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Example Dark Energy Survey Simulated Type Ia light curves  

(first light this fall)

z=0.25 z=0.5 z=0.74 z=1.07



Some Popular Light Curve Models

Simple 1-parameter stretch (early model)

MLCS2k2    (Jha et al. 2007)

SALT2   (Guy et al. 2007)   (used by Union 2 and 

emphasis of Rahul’s work and this talk)

SIFTO   (Conley et al.  2008,  SALT-like)



SALT2 Light Curve Model Basics

Flux(p,λ) = x0*(M0(p,λ) + x1*M1(p,λ))*exp(c*CL(λ))

M0, M1, CL   fitted to previous training set (p is phase)

x0, x1, c   fit to new individual SN light curves

Redshift the Flux and integrate over detector filter bands 

to fit to data



Peak Peak-10 days

Peak+10 days
Peak+30 days



SALT2 Light Curve Model Basics

= m – M + *x1 + *c

Distance modulus determined in a combined fit to all SNe

at once for M, ,  and the cosmology parameters.   
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Union 2.1 

Compilation



Union 2.1 

Compilation

No Dark 

Energy, 

Flat 

CDM



Union 2.1 

Compilation

CDM

Statistical power 

not enough:

Chisq=572 wa=+1

Chisq=575 CDM

Chisq=614 wa=-1

wa=-1

wa=+1

w=w0+wa(1-a)



Union 2.1 

Compilation

CDM
w0=-0.9

w0=-1.1
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Dark 
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Union 2.1 Compilation (stats only, binned above z>0.1)



CDM

wa=-1

wa=+1

Union 2.1 Compilation (stats only, binned above z>0.1)



Prior w0 wa

wCDM -1.0130.07 Fixed at 0

wCDM allow curvature -1.0030.093 Fixed at 0

wz CDM, no curvature, allow w vary with z -1.0460.175 0.140.68

wz CDM, allow curvature and w vary with z -1.1980.11 1.190.13

All including Union 2.1 (including SN systematics) + CMB + BAO + H0



Union 2.1 Compilation (stats only, binned above z>0.1)

CDM

wa=-1

wa=+1

Red points projected 

DES statistical errors

(no Malmquist Bias 

correction)
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Union 2.1 SN systematics

Calibration



Union 2.1 instrumental systematics

DES Photometric Requirements

• Having a single experiment 

that spans almost all the redshift

range with good statistics, like 

DES, will help.

• Still need a low-z anchor and 

have to cross-calibrate.

• More collaboration between 

groups,  overlapping fields,  etc.

• Spend more money, more 

people, more dedicated 

calibration cameras and 

telescopes,  etc.



Absolute spectral references

• Vega, BD+17, HST standards typically used

• DA white dwarfs (stable hydrogen absorption lines only) are a popular 

choice,  but only a few currently available

• Large effort (in DES and elsewhere)  to identify  DA white dwarfs and 

increase the numbers by x10 or more
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Union 2.1 SN systematics

Type Ia

brightness 

correlations 

with host 

galaxy and 

Type Ia

Progenitors



Type Ia Supernova review again:

• Normal star burns out hydrogen and 

helium,  creating ~1 solar mass carbon-

oxygen white dwarf with few % other 

elements (metallicity).  (% depends on 

history of star and its galaxy)

• Accretion from binary companion increases 

white dwarf mass,  eventually causing 

carbon/oxygen burning and finally explosion.   



Leading Model of (most) Type Ia Supernova:

• Explosion:  2 12C + 2 16O → 56Ni           

(0.3 to 1.1 solar masses)
56Ni → 56Co → 56Fe  gamma rays fuel LC

• Why does stretch work?   (Why is 

brighter = broader?)

• Hotter explosion makes more 56Ni

• Hotter explosion causes more opacity 

due to ionization,  until expanding 

sphere cools off over 1-2 weeks.



Leading Model of (most) Type Ia Supernova:

• Heavier elements can change things:

2 12C + 3 16O  + 2 22Ne → 2 58Ni  

(reducing 56Ni)  (stretch overcorrection)       

• Heavier elements come from previous 

~billion years of supernovae and novae.

• Older galaxies should have white dwarfs 

with heavier elements.   But depends on 

star formation history,  very complicated.



Host Galaxy Elements Heavier than Helium (metallicity)

• Measure color, luminosity, shape, and 

maybe spectrum of galaxy.      

• Infer mass, age, metallicity, and star 

formation rate (and all correlated).

• That’s just for the galaxy,  then have to 

infer the effect on the SNIa white dwarf.
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Metallicity →

Standard light curve fit overcorrecting the SNIa brightness at large metallicity
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Type Ia Progenitors

• Two competing models:

• Single white dwarf + accretion from “normal” companion  (SD)           

• Double white dwarf  + gravitational wave losses cause merger (DD)

• Main observational constraints (out of about a dozen)

• SD  should see early radio, x-ray,  UV  (none seen,  big problem)

• SD should see occasionally the surviving companion, none 

conclusively seen

• Couple of SNe have evidence of circumstellar material in spectra,  

supporting SD for those.

• Delay Time Distribution supports at least a good fraction of DD 

• Overall DD model is rising in popularity, have to explain homogeneity of 

SNIa brightness and fluctuations.



Steve Myer’s slide on radio limits of SD



Delay Time Distibutions (time from galaxy star formation burst to SNIa)

• SD model:

• Expected less than 3 Gyr, most models less than 1 Gyr

• Limited range of accretion rates

• Too fast causes common envelope and no explosion

• Too slow and goes nova instead of supernova

• DD model:          

• Time to make two white dwarfs + time for gravitational wave losses

• Time to make merger goes like binary separation a4

• If separations distributed like 1/a,  expect   t-1



Red line is best fit (t-1.12)     Less evidence for two components.              

Many observations at times too long for SD    
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Union 2.1 SN systematics

Dust/color



Dust

Dust #1

Dust #2

Dust #3

Dust #4

SN Galaxy



#4: Milky Way dust.  This is Schlegel map of DES area and 5 SN fields.                

Darker is LESS dust.   Pretty well understood and most groups point away from dust.



#3: Intergalactic dust.  Not a large effect but cannot ignore.



#2 and #1: SN galaxy dust and dust from region around SN, is it the same 

as the Milky Way or not?

SN 1994D in outskirts of galaxy NGC 4526

Credit: High-Z Supernova Search Team, HST, NASA



Jha 2010 

presentationMilky Way-like

RV = AV/E(B-V)

Typical SNe values below Milky Way  





1) Consensus that treatment of color 

fluctuations and their correlations 

can move RV closer to Milky Way   

(this 2011 SNF paper reviews that)

2) SNF also points out that silicon 

and calcium peaks in spectrum 

can help mimic a low RV

3) New paper on color fluctuations 

from Kessler and the SALT 

retraining group on the way…
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Union 2.1 SN systematics

UV problem



UV problem  (Kessler 2009)



UV problem
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DES SN Survey Basics and Simulation Studies

Steve Kuhlmann   (Most simulations by Joe Bernstein)

Argonne National Laboratory

2011-10-12

• Current Favorite Survey:  2 “Deep” and 8 “Shallow” fields,  30 sq. deg total.

• Hybrid mixture keeps 70% of high-z  SN and adds >1000 mid-z SN.  

• 10-field hybrid also best DE constraint (not a strong dependence on choice).  

• Five favorite fields in table  (three fields overlap with VIDEO IR)

• Other five fields still under discussion.





Exposure times and limiting magnitudes

• Focus on red bands due to improved CCD red sensitivity. 

• Expect total exposure time ~1200 hours over 5 years.

• Exposures tuned for equal r,i,z SNR at z=1 in deep fields, and equal g,r,i,z SNR  
at shallow field redshift peak.   (~1 hour/visit in z-band deep fields!) 





Simulations and SNR cuts

• Simulations use SNANA,  simulating 5 year survey.

• SNIa simulated with MLCS2k2 and SALT2 models.  Core collapse simulated using  
40 templates from Photometric Challenge.   

• Default  SNR cuts for our upcoming simulation paper is meant to optimize 
purity,  requiring 1 filter with maximum SNR>10,  plus 2 more filters with 
SNR>5.    (more on purity later…)   



Redshift distributions

• SNIa redshift distributions from deep and shallow fields using cuts on previous slide.



DES SN Survey Basics and Simulation Studies

SALT2 MLCS2k2 with dust 

prior (extra sys term)



Redshift Determination

• Assume host redshifts obtained for majority of SNIa.  

• SNIa spectral  follow-up provides samples for systematic studies.  (A. Kim talk)

• Cosmology projections degraded based on lack of host redshift.



Simple Color studies so far 



Purities 

• Table shows purities with and 
without  MLCS fit probability cut.

• We expect to improve 
completeness by relaxing SNR 
cuts and using more 
sophisticated typers.



DES SN Survey Basics and Simulation Studies

Only significant shift in average mu if 

binned with SNIa is at z=0.22,  and 

neighboring bins have no mu shift.



Emphasis on calibrations and intercalibration with SDSS

• Mini-DeCam (PreCam) survey grid data from late 2010-early 2010  (using 2 DECam
CCDs and mini-filters) ,  to produce standards for DECam (hit PreCam field every 20-
30 mins)

• Still need a nearby anchor for best cosmology



DES SN Survey Basics and Simulation Studies



DES SN Survey Basics and Simulation Studies



DES SN Survey Basics and Simulation Studies

Doesn’t include dust type evolution, 

light curve model sys.,  intrinsic SN 

colors confusion,  … 



DES SN Survey Basics and Simulation Studies



Union 2.1 SN systematics

Core collapse 

contamination





IIP

IIL

IIb





Competition between 

increasing Ia statistics 

and effect on distance 

modulus due to core 

collapse.

In this study,  purity is 

most important impact 

on cosmology.   Best 

purity ~98%. 
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